To improve the accuracy of face recognition using pulse coupled neural network （PCNN） model and save the problem that the parameters of PCNN model must be set with experience, the PCNN model based on pulse intensity (QD-PCNN) and the improved grid search method are proposed. In the QD-PCNN, pulse intensity can make the outputs of the model more accurate. When the improved grid search method is used to find the suitable parameters, the parameters are searched in a large space firstly, and then searched accurately around the parameters we have found according to the objects which are to be recognized. In the experimental process, the parameters obtained through improved grid search method is applied to QD-PCNN model to recognize faces, and the results show the efficiency of this method.
Introduction
The PCNN model [1] established by imitating animal visual cortex has been widely used in image edge detection [2] , image segmentation [3] , image fusion [4] , image recognition [5] , image denoising [6] and image enhancement [7] , and showed many excellent characteristics. But in practical application, the PCNN model contains many uncertain parameters. We usually select the appropriate parameters by contrasting image processing results of many tests. Grid search method [8] can divide parameters to be searched into grid in a certain space, and then search for the best parameters by traversing grid points. But exhaustive search in the range of parameters lacks of pertinence. This paper introduces an improved grid search algorithm, which can find the appropriate parameters adaptively and can solve the problem of the parameter setting of PCNN model to a certain degree. At the same time, the PCNN model is improved to make it more suitable for face recognition.
QD-PCNN Model
The traditional PCNN model's mathematical model is as follows: (n) ).This item is introduced into the traditional PCNN model, and then the QD-PCNN model is formed, as shown in figure 1 . In the traditional PCNN model, the pulse generation is realized by step function (5) , and the pulse value is always 1, which can not distinguish the individual strength of neural firing pulse. But in the QD-PCNN model, in addition, we will get qd ij (n), as shown in equation (6), when
is not only rich but also refined the output of the PCNN model. At the same time, qd ij (n) is obtained by the coupling of individual neuron itself and the surrounding ones, and contains the gray information and geometric information.
Improved Grid Search Algorithm
Grid search algorithm is a basic parameter optimization method, the main idea is to partition grid of the needed parameter optimization according to the equal step within a fixed range, then traverse of all parameter values, and calculate the corresponding application results, make the parameters corresponding to the optimal application results as the optimal ones [9] . Improved grid search method proposed targeted improvements based on the traditional algorithm. Improved flow of grid search method is showed in figure 2. 
Face Recognition Based on QD-PCNN
In the following figure 3, we use different expressions of two different human face images in Yale face database. Figure 3 is their corresponding pulse intensity map, where the first row from left to right corresponds to the three images of first man, the second row from left to right followed corresponds to the three images of second man, where the horizontal axis represents the pulse intensity values, the vertical axis represents the pixel numbers of the same pulse intensity. As is shown in the picture, there is a big difference between pulse intensity diagram of different people, the pulse intensity map of the same person is basically similar. In conclusion, the pulse intensity matrix processed by QD-PCNN model can be used to distinguish between different people's faces.
In the process of recognition, first we calculate the pulse intensity matrix of each individual in the representation face database, then calculate the pulse intensity matrix of a test image, calculate the correlation of this matrix and each person's pulse intensity matrix, select the people who's pulse intensity matrix has the largest correlation degree with this matrix as the recognition result. 
Test Simulation and Result Analysis Database Introduction
Experiments use Yale face database (including 15 people, 11 images per person), respectively, take the database of all the former N images to compose the training set, and then use the rest of the face image as a test set.
Single Face Recognition Process
Firstly, all face images are input into QD-PCNN model, then get the pulse intensity matrix of all face images. Next calculate average pulse intensity matrix of each person's N face images in the training set, and record this value. Then, take one picture from the test set, and put into QD-PCNN model and get its pulse intensity matrix, then calculate the cosine distance of this matrix and the previously recorded average pulse intensity matrix of each person, take the person who's average pulse intensity matrix has the maximum cosine distance to this matrix as a recognition result. A face recognition process is shown in figure 4 . In figure 5 , the horizontal axis represents the connection coefficient , the vertical axis represents the threshold attenuation coefficient  . As can be seen from the figures that in every once optimization, parameter optimization range and optimization step distance are gradually smaller, at the same time, the recognition accuracy rate of the parameter combination in the local range is gradually increased. In the first search optimization process, the search step distance is 1, only a few of the combined values of  and   can obtain a higher recognition accuracy. And in the fourth process of searching optimization, although the combination of parameters within the range of values can achieve higher accuracy, but the highest recognition accuracy rate is lower than that of the third iteration, then take the third parameter combination as the optimal parameters combination, that   is 0.52,  is 1.04, the corresponding highest recognition accuracy is 97.78%.
Experimental Results and Analysis
In this experiment, the training set consists of the first 4 (N=4) and the first 3 (N=3) images of each person, the remaining images are grouped into test set separately, the face recognition method based on QD-PCNN model is trained and tested separately, the results of the experiments are compared with the corresponding results of the empirical parameters, results are as follows. As can be seen from the table, the experimental results with the optimization parameters obtained from improved grid search method are better than those parameters set by experience, when N=3 and N=4 the increases are more obvious, when N=5 recognition accuracy is also increased by 2.22%.The experimental results show that the optimization parameters obtained by the improved grid search method are more suitable for the PCNN model than parameters set by experience.
Summary
In this paper, we introduce QD-PCNN model, and improve grid search algorithm, we can find the optimal parameters within its range of parameters by several steps gradually. In the experiment, the parameter optimization is based on the improved grid search method in the QD-PCNN model and we can get the optimal parameter combination and the corresponding highest recognition rate. The experimental results show that the method can achieve higher recognition rate than traditional PCNN method, and provides a relatively simple and scientific method of parameter setting.
